Objective Transcatheter arterial chemoembolization (TACE) is an essential therapy for patients with hepatocellular carcinoma (HCC) in whom administering other treatments such as liver transplantation, resection or local therapy is not feasible. The purpose of our study was to determine the independent risk factors for oneyear recurrence and two-year mortality in patients treated solely with TACE. Methods We conducted a retrospective cohort study of 34 consecutive patients (Group 1) with incident HCC who were treated solely with epirubicin-based TACE between April 2004 and March 2009. A subgroup analysis was performed among 24 patients (Group 2) who underwent complete TACE confirmed with abdominal computed tomography (CT) one month later. Tumor recurrence was evaluated using contrast CT every three months after the initial TACE. We calculated Kaplan-Meier estimates and performed a multiple regression analysis using a Cox-proportional hazard model. Results The patients in Group 1 (men, 59%), all of whom had liver cirrhosis, underwent TACE as the sole therapy for HCC. Kaplan-Meier estimates revealed a two-year survival rate [95% CI] of 70% [48-84%]. For the non-Child A patients, the adjusted hazard ratio (HR) [95% CI] for two-year survival was 7.1 [1. 06-51.7]. In Group 2, the Kaplan-Meier estimate of the one-year recurrence rate [95% CI] was 61% [42-81%]. The adjusted HRs [95% CIs] for one-year recurrence for age and indocyanine green (ICG) 15-min >30% were 1.1 [1.0-1.26] and 7.87 [1.94-45.1], respectively. Conclusion Non-Child A cirrhosis is an independent risk factor for two-year mortality in patients treated solely with TACE. For ICG 15-min >30%, careful monitoring for HCC recurrence at one year, even after complete TACE, is warranted.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third most common cause of cancer mortality worldwide (1) . There were an estimated 700,000 deaths from HCC in 2008 worldwide, with an age-adjusted mortality rate of 10 per 100,000 inhabitants (1) . In Japan, the prevalence of HCC is declining (2) but remains substantial, with an age-adjusted mortality rate of 26.7 per 100,000 observed in 2006 (3) . The prognosis of HCC remains unsatisfactory (4), primarily because administering curative treatments such as surgical resection, radiofrequency ablation (RFA) and liver transplantation is feasible only in a relatively small percentage of patients and because most patients with HCC have concomitant liver cirrhosis. Transcatheter arterial chemoembolization (TACE) is an essential therapy for improving the prognoses of patients with HCC in whom performing liver transplantation, surgical resection and percutaneous ablation is not feasible (5) . It is therefore important to determine the prognosis, as well as risk factors for recurrence and mortality, among HCC patients treated solely with TACE.
TACE has been reported to be less effective than other local therapies such as RFA (6) , with many patients requiring retreatment for recurrence. In addition, local HCC recurrence after TACE remains a critical problem for patients. However, few studies have investigated the local HCC recurrence rates after TACE. This data gap may stem from protocols in the United States and European countries, which commonly add TACE as intermittent, palliative therapy (for example, every three months) without confirming HCC recurrence. Japanese protocols, in contrast, typically repeat TACE only when surveillance CT or MRI reveal local disease recurrence. To repeat TACE on demand, it is useful to determine the recurrence rate after TACE in order to estimate the appropriate follow-up period for cross-sectional imaging studies.
In order to quantify mortality and recurrence in HCC patients treated solely with TACE, we first examined the twoyear survival rate of patients with incident HCC treated with on-demand TACE. Additionally, we investigated the HCC recurrence rate in a population whose success of initial TACE was confirmed on CT or MRI one month after the procedure.
Materials and Methods
A total of 34 consecutive patients with unresectable HCC were treated solely with epirubicin-based TACE at a tertiary referral center in Tokyo, Japan between April 2004 and March 2009. First, we conducted a retrospective cohort study of these 34 patients (Group 1) focusing on two-year survival. Twenty patients with Barcelona Clinic Liver Cancer (BCLC) (7) stage A HCC were included due to patients being unsuitable for local therapy or surgical resection and because performing liver transplantation was not feasible. Second, we performed a subgroup analysis of disease recurrence among 24 patients (Group 2) who underwent complete TACE. We defined "complete TACE" as a lack of residual lesions and recurrence on multiphasic CT scans performed one month after TACE.
All patients with a history of prior treatment for HCC, local therapy added in the follow-up period, hepatic vein or portal vein tumor invasion or extrahepatic metastasis to lymph nodes and/or other organs were excluded from this study (Fig. 1) . The etiology of cirrhosis, the platelet count, the levels of serum albumin and serum alpha-fetoprotein (AFP), multiphasic CT results (tumor size, tumor number, lymph node metastasis), one-year recurrence and the followup time to two-year survival were investigated retrospectively.
Diagnosis of HCC
The diagnosis of HCC was made based on ultrasonography, multiphasic CT, MRI with or without abdominal angiography and/or peripheral biopsies in accordance with the 2005 American Association for the Study of Liver Diseases practice guidelines (8) . Abnormal elevations in the levels of tumor markers such as serum AFP and protein induced by vitamin K absence or antagonist-2 (PIVKA-2) were also taken into account. Typical HCC exhibited arterial enhancement and portal venous washout on multiphasic CT. The lack of extrahepatic metastasis was confirmed using ultrasonography, CT and chest X-ray.
TACE
A 2.2/2.9-Fr catheter tip was advanced as far as possible into the feeding artery of the HCC. 5-8 mL of emulsion consisting of 50 mg of epirubicin and 3-6 mL of lipiodol followed by gelatin sponge particles (Spongel ) dissolved in saline was injected under fluoroscopy. The doses of the emulsion and embolic materials were determined based on the tumor size. The disappearance of the arterial flow was confirmed after embolization using digital subtraction angiography before the end of the procedure. The accumulation of lipiodol in the tumor region was confirmed on CT a few days after the procedure. The completeness of TACE and the presence of tumor recurrence were confirmed on multiphasic CT or MRI one month after TACE. Subsequently, tumor recurrence was assessed using multiphasic CT or MRI every three to four months. TACE was repeated when local recurrence, intrahepatic metastasis or a second primary HCC was found. Alcohol, n (%) 3 (9) 2 (8) Hepatitis C, n (%) 25 (73) 17 (70) Hepatitis B, n (%) 4 (12) 4 (16) Non-B, Non-C, n (%) 3 (9) 3 (12) Platlet count / L, mean (SD) 12.8×10 4 (6×10 4 ) 12×10 4 ( 5×10 4 ) Serum albumin g/dL, mean (SD) 3.5 (0.5) 3.5 (0.5)
Number of lesions
Single, n (%) 17 (50) 14 (58) 2-3, n (%) 12 ( 
Statistical analysis
Bivariate analyses of continuous variables were performed using Student's t-test or the Wilcoxon rank-sum test depending on the distribution. Fisher's exact test was used for bivariate analyses of dichotomous variables. We calculated Kaplan-Meier estimates of mortality and tumor recurrence and performed a multiple regression analysis using a Coxproportional hazard model. All p values were two-sided, and a p value of <.05 was considered to be statistically significant. All statistical analyses were performed using the JMP version 8 software package. Table 1 shows the basic characteristics of the patients stratified by group. The median follow-up duration [range] in Group 1 and Group 2 was 585 867] and 726 624 ] days, respectively. Group 1 consisted of 20 men (59%) and 14 women (41%) with a mean age (standard deviation (SD)) of 70 (7.1) years. Twenty-six patients (76%) were classified as having Child A disease and eight (24%) patients were classified as having Child B disease. The most common etiology was hepatitis C virus infection, present in 25 cases (73%). Seventeen patients (50%) had solitary lesions, while 12 patients (35%) had two to three lesions and five patients (15%) had more than four lesions. Regarding the maximum tumor size, the median [range] maximum [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] cm. In Group 1, eight patients died during the follow-up period. The causes of death were hepatic failure (three patients), uncontrolled HCC (two patients), variceal rupture (one patient), sepsis (one patient) and cerebral hemorrhage (one patient). Group 2 consisted of 15 men (62%) and nine women (38%) with a mean age (SD) of 69 (6.8) years. Twenty patients (83%) were classified as having Child A disease and four patients (17%) were classified as having Child B disease. Seventeen patients (70%) were infected with hepatitis C, the most common etiology. Fourteen patients (58%) had solitary lesions, nine patients (38%) had two to three lesions and one patient (4%) had more than four lesions. The median [range] maximum HCC diameter was 2.6 [0. [5] [6] [7] cm.
Results
According to the tumor-node-metastasis (TNM) staging revised by the Liver Cancer Study Group of Japan in 2000 (9) , which differs from the TNM staging system of the American Joint Committee on Cancer (AJCC)/International Union Against Cancer (UICC) (10), the T category consists of three factors: the presence of a single lesion, a tumor size ! 2 cm in diameter and a lack of vascular or bile duct invasion. The tumor stage between I and IV-A is determined solely by the T factor when both the N and M factors are zero.
In Group 1, 10 patients (30%), 11 patients (32%) and 13 patients (38%) were categorized as having stage I, II and III disease, respectively. In Group 2, nine patients (38%), six patients (25%) and nine patients (38%) were categorized as having stage I, II and III disease, respectively. Per the exclusion criteria, there were no Stage IV-A or IV-B patients in either group. According to the BCLC classification, Group (Fig. 3) 
Discussion
Our study showed that the two-year survival rate of patients treated solely with TACE remains largely unsatisfactory. Interestingly, incomplete TACE therapy was not found to be associated with diminished two-year survival. Moreover, the rate of one-year recurrence of HCC was substantial, even after complete TACE. The risk factors for twoyear mortality included a non-Child A status, while age and ICG 15-min >30% were found to be independent risk factors for one-year recurrence. Interestingly, tumor multiplicity was found to be associated with neither two-year mortality nor one-year recurrence, while the maximum HCC size was marginally associated with one-year recurrence.
In this cohort, the major cause of death was related to an impaired hepatic function, compatible with the finding that a non-child A status is a significant risk factor for two-year mortality, while tumor control itself is not. When characterizing the prognosis of patients with liver cirrhosis and HCC, not only tumor extension, but also the residual liver function must be evaluated.
The BCLC system is an established HCC staging system for selecting therapy and is especially utilized in Europe and the United States (11). However, it does not necessarily reflect the liver function. For example, TACE is recommended for patients with BCLC stage B disease, including both Child A and Child B patients. Heterogeneous patients with different prognoses are thus included in a single stage, per the BCLC system. Our results suggest that the prognosis should be estimated using a staging system that better reflects the liver function.
Moreover, individual BCLC stages do not consistently correspond to specific therapies. Our study population included not only BCLC stage B patients, but also those with stage A disease in whom performing neither resection, local therapy nor liver transplantation was feasible. Local therapies such as RFA may be the most frequently used modalities but have inherent limitations depending on both tumor size and tumor location (namely, proximity to the diaphragm, Inferior vena cava (IVC) and main portal trunk) (12, 13) . As such, TACE is indicated not only for BCLC stage B patients, but also for those with BCLC stage A disease.
Although many reports provide consistent evidence that TACE can benefit patients with unresectable HCC and thus propose the use of TACE as standard therapy in this population, extant protocols lack uniformity, particularly regarding intervals of treatment. Llovet et al. (5) conducted a randomized controlled trial comparing embolization or TACE with symptomatic treatment in patients with unresectable HCC. They reported that TACE improved survival, with two-year survival rates for TACE and the controls of 63% versus 27%. The authors performed repeat TACE two months after the initial TACE and then every six months thereafter.
Two meta-analyses (14, 15) also support the survival benefits of TACE. Most studies included in these metaanalyses also performed TACE repeatedly at scheduled intervals without conducting intermittent imaging surveillance. However, Ernst et al. (16) suggested that the efficacy of TACE is enhanced when repeated only as necessary based on follow-up imaging rather than at scheduled intervals. Such 'on-demand' TACE may be a reasonable strategy to preserve the liver function, which was shown to be a critical factor for two-year survival in the present study.
Takayasu et al. (17) reported that the two-year survival rate of patients treated with TACE is 63%. The authors repeated TACE only when local recurrence, intrahepatic metastases and/or second primary HCC were found on quarterly surveillance multiphasic CT or MRI, similar to our protocol. However, their study did not include the use of multiphasic CT one month after index TACE to confirm completion. Our study suggests that no less than 50% of patients exhibit local recurrence of HCC within one year, de-spite undergoing complete TACE, and that providing close follow-up within three months is mandatory, as one-fourth of post-TACE patients develop local recurrence within this period.
Even if the benefits of closer follow-up are considered, our two-year survival rate was far better than those reported in the aforementioned studies, as our study population included more cases of early BCLC stage disease. In addition, in four cases, TACE was repeated within four months when the initial procedure was found to be incomplete. Another possible factor is the existence of variations in TACE technique between countries and/or radiologists. The participants in our study underwent embolization as selectively as possible after the catheter tip was advanced, i.e. segmental or subsegmental arterial embolization, which provides a tradeoff between achieving maximum effectiveness of HCC and minimum injury of the background liver.
Takayasu et al. (17) suggested that the degree of liver damage (assessed based on the Liver Cancer Study Group of Japan criteria), a maximum tumor size >2.1 cm and the presence of tumor multiplicity are independent risk factors for eight-year mortality. In contrast, our study did not suggest that maximum HCC size or tumor multiplicity are independent risk factors for mortality at two years, possibly due to our much shorter follow-up period. We assume that the degree of liver damage is a more important risk factor, especially in earlier phases of the disease.
Our study is the first report to suggest that an ICG 15-min >30% is a significant marker of one-year HCC recurrence after complete TACE. Wu et al. (18) reported that a higher ICG 15-min is a significant risk factor for late recurrence of hepatitis type B virus (HBV)-related HCC at two years after partial hepatectomy. The ICG 15-min has previously been used to evaluate the liver function and also provides a good estimate of the hepatic blood flow (19) . An insufficient blood supply, as reflected by an elevated ICG 15-min, may preclude sufficient TACE, leading to higher recurrence rates. Kim et al. (20) , in their retrospective observational study, suggested that liver transplantation was associated with better survival rates during a five-year follow-up in patients with unresectable HCC, beyond the Milan criteria (21) . Liver transplantation can be more effective in these patients, as it not only removes the HCC itself, but also replaces a debilitated residual liver function, a critical factor determining the survival rate in several previous studies. Welldesigned randomized controlled trials comparing TACE with liver transplantation in BCLC stage B patients are needed in the future.
Our study is associated with several limitations. First, this was a single-center study with a limited number of patients. Therefore, the statistical power was low. Second, there may be unexpected factors that influence the probability of survival and/or recurrence. Third, we cannot deny the possibility that occult portosystemic shunts influenced the values of ICG 15-min. Fourth, an external validation study is warranted before generalizing our results.
In conclusion, TACE is not a satisfactory stand-alone treatment for patients with intermediate or early-stage HCC in terms of two-year survival. As expected, the residual liver function is a key factor for two-year survival. Additionally, providing close follow-up using cross-sectional imaging is warranted, even after complete TACE, especially in patients with an older age or an elevated ICG 15-min.
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